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CHAPTER 3. COARSE WOODY DEBRIS AND STAGS 
 
Introduction 
Volumes of coarse woody debris and numbers of stags are two of the attributes used 
to measure stand structure and which provide quantitative evidence of habitat that 
can be used in biodiversity studies (McElhinny et al. 2005). This study on coarse 
woody debris and stags was prerequisite to the study of macrofungi and in itself has 
provided valuable baseline data from a native wet Eucalyptus obliqua dominated 
forest. 
 
In a forest ecosystem, dead wood consists of all dead natural structures of woody 
plant origin. This includes dead roots, stumps, and fallen tree trunks, standing dead 
trees (stags), branches and twigs. Dead wood may be categorized into coarse woody 
debris (CWD) (Harmon et al. 1986), fine woody debris (FWD) (Nordén et al. 2004) 
and very fine woody debris (VFWD) (Küffer and Senn-Irlet 2005a). The dividing 
measurement between classifications is arbitrary, and no globally accepted limits 
have been agreed to, as the nature of any one study appears to dictate the chosen 
delimiters. In this study, CWD was defined as dead wood ≥10cm in diameter and 
≥1m in length. Other dead wood (ODW, a term devised by G. Gates 2006) included 
all pieces of dead wood <10cm diameter or <1m length as well as small stumps, 
lumps, fragments, and small shards. That is, except for stags, the definition covers all 
dead wood that failed to meet the criteria for CWD.  
 
The ecological importance of dead wood 
Dead wood in forest ecosystems has been recognised for some time as being an 
important provider of different ecological niches and attendant biodiversity and as a 
sink of the forest carbon pool (Stokland and Sippola 2004). The pioneering works of 
Townsend (1886), Adams (1915), Graham (1925) and Savely Jr. (1939) examined 
the ecology of insects in dead wood. Adams (1915) also investigated the 
macrofungal community on dead wood. However, apart from the above-mentioned 
works, there are very few references in the literature pertaining to dead wood prior to 
Harmon et al. (1986), who wrote a chapter on the ecology of coarse woody debris in 
temperate ecosystems. A year later, the role of the tree in the ecology of a forest was 
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described as a continuing one after death and after falling (Franklin et al. 1987). 
Natural mortality of a tree occurs due to ageing and suppression caused by 
competition as the stand develops after disturbance. The disturbance may be natural, 
e.g. windthrow, wildfire, earthquakes or anthropogenic, e.g. harvesting for timber 
and firewood. The quantity of dead wood input into the ecosystem following any of 
these disturbances may be large and immediate as with a catastrophic event or a 
more gradual temporal process, which may be seasonal, annual or long-term 
(Harmon et al. 1986). Spatial input may be within stands or across landscapes and 
catchments. Most inputs of dead wood occur at the local scale (e.g. within one tree 
length of source) but ecological processes based on dead wood habitats can operate 
at a range of scales. Evidence is mounting to show that wood-inhabiting organisms 
are being subjected to growing habitat pressures due to an increased level of human 
disturbance. Knowledge of the natural dynamics of dead wood provides important 
baseline data that can be used for developing and evaluating strategies to lessen this 
pressure (Jonsson 2000). 
 
Concerns over the conservation of biodiversity and dead wood as an important 
component of the forest ecosystem have grown steadily in importance since the early 
1990’s. The majority of works have been done in the Fennoscandian forests of 
northern Europe and in the Pacific Northwest coast forests of America. In Finland, it 
is estimated that 4,000 to 5,000 macrofungal and invertebrate species are considered 
to be dependent on dead wood at some stage of their life cycle (Siitonen 2001). 
Many papers document the role of dead wood in the maintenance of many species of 
organisms (e.g. Harmon et al. 1986, Franklin et al. 1987, Stevens 1997, Siitonen 
2001, Lindenmayer et al. 2002, Woldendorp et al. 2002, Grove et al. 2002, Grove 
and Meggs 2003, Wu et al. 2005). Woldendorp and Keenan (2005) found that 
downed woody detritus in native and plantation forests was the subject of 66 
Australian studies to the year 2002, of which 29 examined the biomass of CWD on 
the forest floor. Studies on the ecological value of dead wood commenced in 
eucalypt forests in Australia in the mid-late 1990’s. 
 
The following is a brief summary of the qualitative results that are generally 
applicable to CWD and stags in any forest ecosystem. CWD and stags provide: 
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 habitat, shelter and protection for birds, bats and mammals of considerable 
size as well as the smaller vertebrates such as frogs, reptiles, rodents 
(Olszewski 1968, Barnum et al. 1992). Tree hollows form breeding nests and 
dens, logs form runways and basking platforms, the dead branch wood of 
stags provides perches. In Australia, stag cavities are of importance for over 
400 species of vertebrates and many more species of invertebrates (Gibbons 
and Lindenmayer 1996, Lindenmayer et al. 2002). 
 sites of social interactions, e.g. territorial behaviour in skinks and Antechinus 
spp. Male velvet worms use CWD as a site to seek out a female mate 
(Barclay et al. 2000). 
 a nutrient source directly for xylophagous organisms (Johansson et al. 2006), 
e.g. mites and beetles and indirectly, by harbouring small invertebrates as 
food for foraging animals such as birds, echidnas and small carnivores 
(MacNally et al. 2002).  
 structural value in helping stop erosion on slopes and forming a barrier 
whereby soil and forest detritus such as leaf litter and fine woody debris can 
collect (Wu et al. 2005) creating a substrate for invertebrate and small 
mammal burrowing (Maser et al. 1988). 
 a moisture reservoir both internally and externally if the piece of CWD is 
resting on the soil, thus helping preserve habitat for plants and animals 
dependent on stable moist environments (Amaranthus et al. 1989) such as 
cryptogams. In the southern forests of Tasmania, at least 59 bryophyte 
species are supported by E. obliqua logs (Jarman and Kantvilas 2001). 
 nursery logs for seedlings of higher plants (McCullough 1948, Harmon and 
Franklin 1989, McKenny and Kirkpatrick 1999) and refugia for 
ectomycorrhizal fungi (Kropp 1982a, 1982b, Tedersoo et al. 2003). 
O’Hanlon-Manners and Kotanen (2004) have suggested that the reason why 
seedlings establish on these nursery logs is that the pathogenic fungi in the 
soil are unable to colonise the wood. In addition, the moist conditions of the 
piece of CWD may keep ectomycorrhizal tips alive during a period of 
drought and ready to be activated when conditions were wetter and more 
favourable for fungal activity. Seedling growth may be enhanced if the 
seedlings were on the wetter CWD.  
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 a sink for carbon and other elements. The numbers of studies that examine 
carbon storage, decomposition rates and release of nutrients back into the 
environment have increased in anticipation of changes due to global warming 
and climate change (e.g. Lambert et al. 1980, Cooper 1983, Brown et al. 
1996, Laiho and Prescott 2004, Wilcke et al. 2005, Gough et al. 2007). 
 maintenance of diversity of epixylic and saproxylic species involved in the 
decomposition processes that release nutrients back into the biosphere. 
Elements are also returned to the soil via the pathway of epixylic fungi 
sloughing off the CWD and decomposing into the forest floor, thereby 
releasing significant amounts of nitrogen, potassium and phosphorus 
(Harmon et al. 1994, Stevens 1997, Edmonds and Lebo 1998). Yee (2005) 
found 360 beetle species associated with E. obliqua logs; Gates et al. (2005) 
identified 126 species of epixylic macrofungi on wood at the Warra LTER 
site in Tasmania. 
 
Eucalypt forests, fire and CWD 
In Australian eucalypt-dominated forests, fire is the major cause of large-scale 
natural disturbance. Wildfires vary in type (Luke and McArthur 1978), intensity (Gill 
1997), size, frequency and homogeneity (Ashton 1981a), resulting in differing 
starting points for new stand development. New stand development is also a function 
of the biology of the dominant eucalypt species. For example, E. obliqua has the 
ability to regenerate from both seed and below-ground lignotubers (Blake and 
Carrodus 1970). The ensuing forest stand can be multi-aged as the trees have the 
ability to survive multiple fires (Alcorn et al. 2001, Turner et al. 2009). They differ 
from the E. regnans dominated wet sclerophyll forests, which can only regenerate 
from seed and, following intense wildfire, form even-aged stands (Ashton 1976b). 
 
It is rare that a wildfire event removes all structural elements from a previous stand 
(Lindenmayer et al. 1990). Although the greatest input of dead wood will be directly 
from the fire, standing dead wood (stags) can remain for many decades after the 
wildfire event and provide a gradual input of CWD. Heat input and the resulting 
tissue damage from the fire can be responsible for the decay trajectory in a standing 
tree, leading to tree mortality and another input of CWD. This volume could be 
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considerable, given the large size that can be attained by individual E. obliqua trees 
(Chapter 1), although not as great as the scenario where several large trees are killed 
and fall to the ground immediately following the fire. A further input of CWD will 
be from the suppression mortality in the ensuing stand regeneration. Small, 
suppressed individuals of E. regnans usually only survive 20-30 years after seedling 
establishment, being killed by drought, insect and fungal attack or any combination 
of these factors (Ashton 1976b). This leads to a significant input of small diameter 
CWD in an E. regnans forest. 
 
Tasmania has amongst the tallest forests in the world, responsible for amongst the 
highest amount of CWD on the forest floor in the world (Woldendorp and Keenan 
2005). Non stand-replacing wildfires occur more frequently than stand-replacing 
wildfires in the wet E. obliqua forests of southern Tasmania (Alcorn et al. 2001, 
Turner et al. 2009). This has resulted in a mosaic of multi-aged forest stands of 
largely unknown dead wood complexity. Volume, size structure and distribution of 
CWD in forests are directly affected by forest management (Spies et al. 1988). A 
study (Meggs 1996) found that volumes of CWD remaining after logging native 
forest at least matched, and in some cases exceeded, those in unlogged forest in wet 
eucalypt forest in south eastern Tasmania but this was due to large diameter legacy 
CWD, which according to Grove et al. (2002) would not be present in subsequent 
rotations of 80-100 years. In another study in Tasmanian E. obliqua forests, Sohn 
(2007) found that although a 40-year-old forest regeneration following the 
silviculture treatment CBS (clearfell, burn and sow) and an old growth study plot 
contained the highest volume of CWD, the decay stages of the CWD were differently 
apportioned between the two plots.  
 
There is generally a lack of knowledge regarding log accumulation rate, rates of log 
decay and differences in the volume and decay status of logs in Australian managed 
and unmanaged forests (Lindenmayer et al. 2002). Such lack of knowledge makes it 
difficult to determine how long it may take logged areas to recover to pre-harvesting 
levels and to plan for ecologically sustainable forest management (Lindenmayer et 
al. 2002). Leaving amounts of CWD after logging and even enhancing the amounts 
are suggested for sustainable management of CWD in Tasmanian wet eucalypt 
forests (Grove et al. 2002, Grove and Meggs 2003).  
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The aim of this study on CWD and stags was originally to identify pieces of CWD 
and stags to be surveyed regularly over a given period of time to assess the 
macrofungal assemblages associated with and supported by CWD and stags and the 
effect of disturbance on these macrofungal assemblages. It soon became evident that 
this study on CWD and stags could address another important question specific to the 
ecology of CWD and stags in relation to wildfire. This was done by: 
 characterising, 
 quantifying, and  
 mapping the CWD present in different stages of forest succession, following 
the natural disturbance of wildfire in a Eucalyptus obliqua dominated forest 
in southern Tasmania. 
 
As well as providing a framework for the study on macrofungi, this study on CWD 
and stags will also address whether the pattern of production of CWD and stags in 
the wildfire chronosequence plots is consistent with the patterns expected from our 
understanding of stand dynamics in eucalypt forests. 
 
Methods and Analyses 
The four sites were characterised according to soil and vascular plant community 
(see Chapter 2). The following two sections describe the mapping and measurement 
of the CWD and stags, providing data for statistical analyses. Tables and figures 
whose names contain the letter ‘A’ are in Appendix 1. 
 
Mapping and measuring CWD and stags 
Grids were prepared using graph paper with a scale of 1mm equal to 10cm. The grids 
were laminated for protection and were usable in wet weather. Harmon and Sexton 
(1996) recommended that a 10cm diameter cut-off point be chosen to separate fine 
from coarse woody debris (CWD). At the time of the CWD measurement (2006), 
Forestry Tasmania used the 10cm diameter cut-off as its standard, although in 2008, 
it changed the delimiters to 40cm diameter and 1m length. Therefore, CWD was 
defined to be all pieces of dead wood ≥10cm in diameter and ≥1m in length, and 
were mapped and numbered and their attributes recorded. This included suspended 
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pieces of wood and stumps, as well as wood on the forest floor. Shards from fallen 
trees were mapped as separate pieces of CWD, as they needed to be identifiable for 
the macrofungal survey. It was decided to include all species of wood in the study, as 
one of the aims of the project was to gather as much data as possible on the diversity 
and ecology of macrofungi in these forests, which included wood-inhabiting 
macrofungi on wood other than that of E. obliqua origin. CWD was consecutively 
numbered within each subplot. If a piece of CWD traversed two or more subplots, its 
length was measured at the boundary of the subplot and it was numbered as a 
separate piece of CWD. This facilitated mapping at a subplot level and enabled 
summary statistics to be made at that level. These pieces of CWD became composite 
pieces in the final maps; the composite pieces were then traced onto plain tracing 
paper to eliminate the lines of the graph paper and scanned. 
 
The following attributes of each piece of CWD and stags were recorded, these being 
the measurements used in Chapter 4 for establishing relationships between 
macrofungal richness and length, diameter, decay class, bryophyte cover and various 
derived variables such as volume and surface area: 
 CWD length (cm) measured in each 10x10m subplot, with branches not being 
distinguished from main trunks. 
 CWD diameter (cm) measured at mid-piece of CWD using a tape measure. 
Pieces of CWD were put into the following diameter classes for analysis: 
≤15cm, 15-30cm, 30-60cm, 60-90cm, 90-120cm, 120-150cm, >150cm. These 
classes were of most interest to Forestry Tasmania (Simon Grove, pers. 
comm.) as it related to a previous study by Yee (2005). 
 decay class based on exterior appearance. Forestry Tasmania currently uses a 
5-point system for CWD of E. obliqua origin. The current study investigated 
CWD originating from all vascular plant species present in the plots. A 
pioneer study prior to the commencement of the field work by G. Gates 
revealed that there were problems and ambiguities associated with classifying 
the decay using the 5-point system as devised by Webber (2006) (Table 
3.A1). The classification of Webber (2006) in itself presented difficulties in 
decay classification, e.g. the inside of a fallen E. obliqua can be completely 
rotted away yet leaving a very hard outer casing. For the current study, a 9-
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point system (Table 3.A2) was devised to accommodate different wood 
species and to try to overcome the problems associated with the unevenness 
of the interval between decay classes 3 and 4. If a piece of CWD had more 
than one decay class, an average was taken (after Pyle and Brown 1999). 
 percent bryophyte cover. This was a visual estimate of the percentage of the 
exposed surface of the piece of CWD that was covered with bryophytes. 
 species of CWD when determinable by external appearance of bark if 
present. In late decay stages, identification in the field was extremely 
difficult. 
 stags were given an estimated height, a measured diameter at breast height, 
an estimated decay class (Table 3.A2), an estimated percentage bryophyte 
cover, and assigned to species where possible. The stags were identified and 
mapped predominantly for the survey of macrofungi. Only the volume of 
stags ≤5m was calculated, as the height of stags >5m was considered to be 
estimated inaccurately. For stags, the decay classification used to assess 
fallen dead wood was modified appropriately, following Cline et al. (1980), 
Spies et al. (1988) and Motta et al. (2006). 
 stumps were measured for decay class, height and mid diameter (i.e. the 
diameter mid-way between ground and top of stump). 
 projected area was calculated as the diameter multiplied by the length. 
 
Statistical analyses 
The majority of the statistical analyses used were of a descriptive nature rather than 
those that test strict hypotheses. However, regression analyses of various response 
variables were carried out against time, using age of plot since wildfire as the 
variable representing time. Therefore, even though there was only a single replicate 
of a plot with a given fire history, the use of hypothesis testing was not excluded. All 
analyses of the data in Chapter 3 were done on the original pieces of CWD, not the 
composite pieces. This meant that the data could be analysed at a subplot level. 
 
The attributes and derived attributes of CWD were quantified using the following 
methods: 
 calculating total volumes, using volumes at a subplot level, 
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 examining the total numbers and volumes of pieces of CWD as a function of 
decay class, 
 examining the number of pieces of CWD as a function of diameter, 
 examining the percent bryophyte cover of pieces of CWD as a function of 
decay class, 
 examining the percentage of pieces of CWD in each decay class for each plot 
separately, 
 examining the percentage of pieces of CWD in each diameter class for each 
plot separately, 
 examining the percentage of pieces of CWD in each bryophyte cover class 
for each plot separately, 
 examining the CWD volume (m3) as a function of decay class and diameter 
class, 
 examining the number of pieces of CWD as a function of decay class and 
diameter class, 
 examining percent bryophyte cover as a function of decay class and diameter 
class, 
 estimating projected area of ground cover (m2) provided by the pieces of 
CWD in each plot. 
 
Stags were examined in the following way: 
 calculating the numbers of stags and their attributes, 
 examining the stag diameter distribution in each plot, 
 examining stag numbers as a function of decay class, 
 examining the percent bryophyte cover of the stags. 
 
Volume of CWD per subplot and per plot 
CWD volumes were calculated to obtain a measure of the amount of dead wood in 
each plot using the formula for the volume of a cylinder (Volume = πd2L/4 where 
πd2/4 is the area of a circle, with d = diameter, and L = length of the piece of CWD).  
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Bar graphs 
Bar graphs were used to depict volume and number of pieces of CWD as a function 
of decay class, diameter and percent bryophyte cover for all plots combined and for 
each plot separately. Cumulative percentages were used to express frequency 
distributions. The advantage of cumulative percentage over cumulative frequency is 
that it provides a way to compare sets of data that have different sample sizes, e.g. in 
the present study, where the number of pieces of CWD differ from plot to plot. 
 
Projected area 
A box and whisker plot (Anon., ‘R’ programme, viewed 29 July 2007) was used to 
display the distribution of projected area of CWD in each plot. 
 
Profile tables 
The above procedures (bar graphs, box and whisker plots) examine one variable at a 
time. Stokland (2001) devised the CWD profile tables in which two variables are 
considered simultaneously. Volume and pieces of CWD, as the response variables, 
were plotted against decay class and diameter class simultaneously as 3-dimensional 
graphs. As it was difficult to view percent bryophyte cover as a 3-d graph, the 
response variable percent bryophyte cover was graphed versus decay class for each 
of four diameter classes, viz. 0<30cm, 30-60cm, 60-120cm and >120cm (classes 60-
90cm and 90-120cm were combined, as were 121-150cm and 150cm because of the 
small numbers of pieces of CWD in these categories). 
 
Results 
The mapping of the CWD and stags 
In total, 965 pieces of CWD and 97 stags were categorised and mapped at a subplot 
level within each of the four plots, each plot having a different wildfire history. The 
maps at the subplot level were then concatenated into maps at a plot level, and Figure 
3.1 depicts the resulting composite 814 pieces of coarse woody debris as well as the 
stags (represented by circles) in each plot. There were 227 pieces of composite CWD 
in Old growth, 138 composite pieces of CWD in 1898, 212 composite pieces of 
CWD in 1934 and 237 composite pieces of CWD in 1898/1934. The orientation and 
spatial distribution of CWD pieces and stags has been captured in the maps of Figure 
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3.1, given the limitations imposed in depicting a three-dimensional spatial picture in 
two dimensions. The maps show that the 1898 plot had less pieces of CWD than any 
of the other plots, with a greater amount of clear space. The arrangement of CWD 
appears random within any plot, with no suggestion of clumping. However, no 
statistics were done on spatial arrangement. 
 
  
 40
 
      
   
Fig. 3.1. CWD maps for the four plots at the Warra Bird Track. 
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Total CWD volume of four plots on the Bird Track 
Table 3.1 summarises 25 subplot CWD totals arranged in increasing order by volume 
within each plot (Old growth, 1898, 1934, 1898/1934), showing total volumes. At the 
13th value in the ordered list of volumes, the median value for that plot, the 1898 plot 
has the largest volume of CWD, followed by the 1934 plot, then the 1898/1934 plot, 
with the Old growth plot having the least. Note that although the median volume for 
Old growth is lower than that for 1898/1934, the former plot has a higher total 
volume. This is because the four highest ordered subplot volumes for Old growth are 
much larger than those for 1898/1934.  
 
Table 3.1. CWD subplot volumes and total plot volumes. 
 Volume, m3 
Ordered subplot OG 1898 1934 1898/1934
1 0.627 0.429 0.261 0.263 
2 0.634 0.551 1.233 0.371 
3 0.722 0.557 1.564 0.768 
4 0.853 1.340 1.690 1.187 
5 1.319 1.844 2.181 1.405 
6 1.598 6.744 2.202 1.975 
7 1.607 7.131 3.117 2.169 
8 2.151 8.377 5.215 3.128 
9 2.184 8.811 5.587 3.833 
10 2.496 11.890 6.398 3.890 
11 3.233 12.891 7.960 4.427 
12 3.267 12.955 9.349 6.142 
13 3.715 13.534 9.680 6.707 
14 6.520 13.585 10.218 7.151 
15 7.386 14.295 10.478 7.724 
16 7.558 16.467 10.607 8.459 
17 8.420 17.003 12.165 8.752 
18 11.122 18.858 12.229 10.307 
19 11.809 19.144 13.918 10.892 
20 12.523 21.082 16.995 11.094 
21 13.760 21.517 18.001 11.359 
22 19.812 27.253 18.757 12.177 
23 20.926 28.672 25.634 13.643 
24 30.863 30.848 30.227 16.380 
25 34.359 45.939 37.065 21.098 
Total volume, m3 209.462 361.717 272.729 175.302 
Total volume/ha 837.8 1446.9 1090.9 701.2 
 
The following graphs depict attributes of pieces of CWD from the four plots 
combined. 
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Number of pieces of CWD, and CWD volume (m3), as a function of decay class 
(Figure 3.2 and Table 3.A3) 
There are 622 pieces of CWD in decay class 3 and 3.5 combined. There is an abrupt 
increase in CWD volume of ca. 1m3 occurring between decay classes 2.5 to 3 with a 
gradual decline thereafter. This suggests a pulse of input of CWD. The apparent 
troughs in decay class 1.5-2 and at decay class 4 may reflect random variation, 
artificial class boundaries or both. 
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Fig. 3.2. Number of pieces, and average volume (m3) of CWD vs. Decay class, with 
standard error bars shown. 
 
Average diameter (cm) of pieces of CWD as a function of decay class (Figure 3.3 
and Table 3.A4) 
Pieces of CWD in the decay classes 3 to 5 have a larger average diameter than those 
in the smaller decay classes. 
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Average CWD diameter vs. Decay class
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Fig. 3.3. Average diameter (cm) pieces of CWD versus decay class, with standard 
error bars shown. 
 
Average percent bryophyte cover of pieces of CWD as a function of decay class 
(Figure 3.4 and Table 3.A5) 
Bryophyte cover increases as decay class increases. 
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Fig. 3.4. Average percent bryophyte cover versus decay class, with standard error 
bars shown. 
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The following graphs depict attributes of pieces of CWD from the individual plots 
(rather than the overall totals as in the previous graphs). 
 
Percentage of pieces of CWD in each decay class for each plot separately (Figure 
3.5 and Table 3.A6) 
The distribution shifts to more advanced decay stages with increasing time since 
wildfire disturbance. 
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Fig. 3.5. Percent of pieces of CWD in each decay class. The percentages add up to 
100% for each plot separately. 
 
Percentage of pieces of CWD in each diameter class for each plot separately (Figure 
3.6 and Table 3.A7) 
For each plot, the highest percentage of pieces of CWD is in the 0-30cm class. For 
Old growth, that diameter class contains 76% of the pieces of CWD, in contrast to 
1898, which has only ca. 60% in that diameter class, but almost 10% in the >120cm 
diameter class.  
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Fig. 3.6. Percentage of pieces of CWD in each diameter class (Note: diameter class 
30 represents 0-30cm; diameter class 60 represents 31-60cm, etc.). 
 
Percentage of pieces of CWD in each bryophyte cover class for each plot separately 
(Figure 3.7) 
The 1934 plot, which dominates the lower cover classes, has the least bryophyte 
cover, whereas Old growth, with 20% of its cover in the 100% cover class, tends to 
have more bryophyte cover than the other plots. This suggests that percent bryophyte 
cover is increasing with time since wildfire, in which case it would be expected that 
1898/1934 would have the lowest cover, whereas it has the second highest. 
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Bryophyte cover distribution
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Fig. 3.7. Percentage of pieces of CWD in each bryophyte cover class for each plot 
separately where 0<% bryophyte ≤10; 10 <% bryophyte ≤20; 20 <% bryophyte ≤30; 
etc. 
 
CWD profile (after Stokland) 
The following graphs consider two explanatory variables, decay class and diameter 
class simultaneously, showing volume, pieces of CWD, or percent bryophyte cover 
as the response variable (Figure 3.8(a-d) and Table 3.A8). 
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Fig. 3.8(a-d). Volume of CWD (m3) versus decay class and diameter class (cm).
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In Old growth, 63.6% of the total CWD volume of that plot occurs in the 
combinations of the decay classes 3.5 and 4 with diameter classes >60cm. Compared 
to Old growth, the 1898 plot has its highest volumes in slightly lower decay classes, 
with 67.6% of its total CWD volumes occurring in the combination of decay classes 
3 and 3.5 with diameter >90cm. Like 1898, the 1934 plot has its predominant 
volumes in decay classes 3 and 3.5 combined with diameter >90cm, these 
combinations accounting for 69.9% of the plot volume. The 1898/1934 plot has a 
different pattern of CWD volume from the other three plots, its volume being 
concentrated in the middle decay classes and the medium diameters, the combination 
of decay classes 3 and 3.5 with diameters >30cm and ≤120cm accounting for 60.0% 
of that plot’s total volume. 
 
The number of pieces of CWD versus diameter class and decay class are shown in 
Figure 3.9(a-d) and Table 3.A9. Figure 3.9 shows that more pieces of CWD occur in 
the small diameter classes than in the large diameter classes, which is the reverse of 
CWD volume (Figure 3.8), where large diameter CWD contribute to volume 
disproportionately to their numbers. Another feature is that there are no pieces of 
CWD >60cm diameter in decay classes <3 in any of the plots, and 1934 is the only 
plot with CWD >30cm diameter in these low decay classes. In general, CWD in Old 
growth and 1898/1934 occur in fewer decay class/diameter class combinations than 
in 1898 or 1934, but there is no marked variation in CWD distribution in the four 
plots. 
 
The percent bryophyte cover for various decay class/diameter class combinations is 
shown in Figure 3.10(a-d) and Table 3.A10. The most notable feature is that the 
percent bryophyte cover is lower for small diameter class wood (D≤30cm) than it is 
for higher diameter classes in virtually all decay classes. There is also the tendency 
for bryophyte cover to increase with increasing decay class in this small diameter 
class, but it is not consistent in the larger diameter classes. Generally, though, percent 
bryophyte cover is at least 50% for all diameters >60cm for all decay classes. 
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Fig. 3.9(a-d). Number of pieces of CWD versus decay class and diameter class (cm).
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Fig. 3.10(a-d). Percent bryophyte cover vs. decay class and diameter class. 
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Projected cover of CWD (Figure 3.11) 
The 1898/1934 plot had the smallest range of projected area of ground cover (m2) for 
pieces of CWD, reflecting the small number of large diameter logs in that plot. Old 
growth had the second smallest range. Both 1898 and 1934 had outlying points 
(small circles) in consequence of several large diameter (>120cm) logs that resulted 
in very large surface areas. The median is similar for three of the plots but very much 
lower for Old growth, emphasizing the skewness of the CWD distribution for that 
plot. 
 
Fig. 3.11. Box and whisker plots of projected areas (m2) of CWD in each plot. 
 
Stag numbers and attributes (Table 3.2) 
The 1934 and Old growth plots have the greatest number of stags, with 1898 having 
the least. The 1898/1934 plot has stags with the highest average diameter (due to 4 
stags >1m diameter) followed by Old growth. Although 1934 has the greatest 
number of stags (34), most of them (28) are in the smallest diameter class (0-30cm). 
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The youngest stands, 1934 and 1898/1934, have 16 and 12 E. obliqua stags, 
respectively, in contrast to the mature forests, 1898 and Old growth, which have only 
one E. obliqua stag each. The identifiable stags in Old growth are mainly of 
Nothofagus cunninghamii, Atherosperma moschatum and Acacia melanoxylon, 
typical rainforest species. 1898 has a similar proportion of rainforest species and 
unidentifiable species to Old growth, although in much lower numbers. 
 
Table 3.2. Number and attributes of stags in each plot. 
  Plot   
 OG 1898 1934 1898/1934 Total 
No. of stags 33 10 34 20 97 
Ave. DBH, cm 48.3 39.9 28.5 50.2 40.9 
DBH≤30cm 16 5 28 14 63 
30<DBH≤60cm 11 4 5 2 22 
60<DBH≤90cm 4 1 0 0 5 
DBH>90cm 2 0 1 4 7 
No. of stags with height 
<5m 17 5 7 5 34 
Vol. (m3) of stags with 
height <5m 20.8 1.8 1.0 10.9 34.5 
No. of Eucalyptus obliqua 1 1 16 12 30 
No. of Nothofagus, 
Atherosperma or Acacia 16 4 4 0 24 
No. of unidentified 
species  16 5 14 8 43 
 
Diameter distribution and stag numbers (Table 3.2 and Figure 3.12) 
Noteworthy features are the single large diameter stag in 1934, and the contrast 
between the four large trees and the remaining small diameter ones in 1898/1934. 
The plots that most closely follow the trend of an exponential decrease of numbers 
with increasing diameter are Old growth and 1934. The stag distribution of 1898 
changes in a more linear fashion. In 1898/1934, the four eucalypt stags with 
diameters >100cm sharply contradict this trend. 
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Fig. 3.12(a-d). Diameter distribution of stags (all species) in the four plots.
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Stags and decay class (Figure 3.13 and Table 3.A11) 
The majority of stags are in decay class 3 for all four plots. The two mature plots 
(OG and 1898) have a similar spread of stags with the second highest number of 
stags in decay class 4. In contrast, the two younger plots (1934 and 1898/1934) have 
their second highest number of stags in decay class 2. 
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Fig. 3.13. Number of stags per plot, by decay class. 
 
Percent bryophyte cover of stags (Figure 3.14 and Table 3.A12) 
Compared to Old growth, there is very little bryophyte cover in any of the other three 
wildfire sites. 
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Fig. 3.14. Stag numbers in bryophyte cover classes. 
 
Discussion 
The results portray a detailed examination of the CWD and stags in a native 
E. obliqua forest landscape present at a moment in time in the regeneration of the 
forest after the natural disturbance of wildfire. A full census of forest floor CWD has 
been achieved for a very small portion of native forest (1ha) in a wet sclerophyll 
E. obliqua forest. The results of this study include CWD and stags from all tree 
species that were present in the four plots at different stages of stand regeneration 
and are not confined to E. obliqua. This is in contrast to other studies from Tasmania 
(Yee 2005, Hopkins 2007, Stamm 2006, Webber 2006), where E. obliqua was the 
sole species studied. 
 
Variations in volumes of CWD and decay classification in each plot 
The volumes obtained from the studies by Woldendorp (2002), Sohn (2007) or Gates 
(the present study) in plots along the ‘Bird Track’ at the Warra LTER site do not 
agree closely with each other (Table 3.A13). This discrepancy in volumes is 
probably due to a combination of chance and the small size of the study area. A 1m 
wide path separated the 1898 plot in this study, which produced the highest amount 
of CWD (1446.9m3/ha), from the 189S used by Sohn (2007), which even though it 
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was revealed at a later stage that the plot had been burned in 1934, produced a much 
lower volume (376m3/ha). However, this volume was still much lower than the 
1898/1934 plot of the current study (701.2m3/ha). If the three very large E. obliqua 
trees that fell in close proximity to each other in the 1898 plot of the present study 
had fallen sideways into the adjacent plot instead of downhill, then the volumes 
could well have been more similar. Although a study by Spies et al. (1988) in 
Douglas-fir forests of the Pacific Northwest in Oregon and Washington found the 
volume of CWD to be highest in an old growth forest, this was not the case in the 
current study. Douglas-fir forests are coniferous forests and have different decay 
characteristics to Eucalyptus forests, reflecting differences between the structure of 
gymnosperm wood and angiosperm wood (Schwarze et al. 2000, Boddy 2001). As 
the volume of CWD in a native forest is determined by site productivity, the 
decomposition rate of dead wood and the disturbances that affect the input rate and 
stand succession (Harmon et al. 1986), climatic and site differences in addition to 
wood species are likely to account for differences with studies in other forest types. 
The lack of agreement among the results from other studies is not unexpected. The 
wide variation in space and time in the creation of CWD leads to sampling 
difficulties, although it was anticipated that the chronosequence (space for time) 
framework of this study would ameliorate the time problems. The massive size and 
irregular shape of some of the pieces of CWD of E. obliqua origin encountered in the 
plots also resulted in inaccuracies in measurement. The trunk of a standing tree is 
neither perfectly conical nor cylindrical and the base of the standing and fallen tree 
can be highly irregular and distorted in shape with buttressed roots and cavities. 
Thus, the tree may not taper gradually from the base but may be more abrupt in the 
transition from base to main shaft. In retrospect, this implies that perhaps the 
base/buttress should be measured separately from the main length of the trunk. 
Although Harmon et al. (1986) suggest that the volume of irregularly shaped pieces 
can be estimated by displacement of water, this could only be practical for fine 
woody debris, or small coarse woody debris, given the logistical problems associated 
with the size of these irregular pieces. Estimation of volume is difficult especially as 
‘the settling process’ commences and the piece of CWD assumes a more flattened 
shape, becoming less cylindrical (Harmon et al. 1986). In addition, much CWD may 
be partially buried, making quantitative assessment unrealistic. This suggests that 
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work should be done on improving methodology, especially in native forests in 
Tasmania.  
 
Hopkins (2007) suggested that decomposition has already commenced in the 
standing E. obliqua tree prior to death and/or falling. At 105 years of age, a mature 
E. obliqua individual could have a diameter >70cm depending on the site 
characteristics, e.g. soil fertility, water availability, canopy cover and whether the 
tree is a dominant or co-dominant (Alcorn et al. 2001). Although a mature E. obliqua 
tree could already be in decay class 3 at time of falling, very large diameter CWD 
(>100cm) of E. obliqua origin could take 300 years or more to decay in the cool, wet 
conditions of southern Tasmania (Grove et al. 2009). This suggests that truncating 
the decay class continuum of E. obliqua into a few categories (even though nine 
decay stages were used) is a compromise solution to a more complex real situation. 
Often anomalies would arise as species of trees with different bark characteristics 
have differing decay trajectories (Sollins 1982). For example, a piece of CWD of 
Nothofagus cunninghamii could appear solid with bark entire until poked or kicked, 
which would reduce it to dust. Pomaderris apetala could be very firm to the touch, 
with bark intact, never losing its outer layer, yet riddled with decay columns and 
bearing many external macrofungal fruit bodies. This suggests that different decay 
systems should be devised for CWD from different vascular plants. 
 
Relationship between CWD, stags and stand dynamics of each plot 
There are two sources of coarse woody debris: the predisturbance stand and the 
current stand (Spies et al. 1988). In the four plots chosen for this study, the 
immediate input of CWD was likely to have been a result of tree mortality following 
a severe stand disturbance caused by wildfire. The ensuing gradual input could have 
been from mortality caused by disease, suppression and competition, insect attack, 
and windthrow. Succession and change in tree species composition affects the 
amount and quality distribution of CWD (Siitonen et al. 2000). In the long absence 
of fire and in areas where the rainfall exceeds 1270mm (Jackson 1968b) the eucalypt 
dominated forests will, as the eucalypts die off with age and there is no regeneration, 
become temperate rainforests. 
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The Old growth plot was clearly an old, even-aged, mixed forest (see Gilbert 1959, 
Wells and Hickey 1999). It showed floristic simplification with a preponderance of 
mature rainforest species and two very large surviving eucalypts (Table 2.2, Figure 
2.4). Only one stag in Old growth was of E. obliqua origin, compared to 32 stags of 
rainforest species (Table 3.2). There were large gaps in the canopy caused by the 
death of the large eucalypt trees. Atherosperma moschatum was occupying the 
canopy gaps to the exclusion of Nothofagus cunninghamii (Gilbert 1959). It was 
difficult to determine the species of the CWD in Old growth, especially the small 
diameter pieces in a high decay class, as the outer bark was missing, the bark being 
the most distinguishing external feature that could have made them identifiable. 
Pieces of CWD in Old growth had the highest percent bryophyte cover of all the 
plots (Figure 3.10a), as did the stags (Figure 3.14, Table 3.A12). This was directly 
related to decay class of the wood, i.e. as the decay class increased so did the percent 
bryophyte cover (Figure 3.4). There was a large percentage (22%) of the total 
number of pieces of CWD in the high decay classes (4-5) and of small diameter, i.e. 
≤30cm in Old growth, compared to the other three plots (Table 3.A9b). This is 
consistent with branches breaking out of declining eucalypt crowns and with the tops 
of stags of the rainforest species which tend to be of smaller diameter than eucalypt 
stags. In addition, CWD of Nothofagus cunninghamii and Atherosperma moschatum 
origin decays quicker than E. obliqua (Gilbert 1959). The lack of large diameter 
CWD in high decay classes (Figure 3.6, Tables 3.A7 and 3.A9b) suggests that the 
age of the plot was such that the CWD resulting from the death and falling of the 
original mature eucalypt stand had rotted away.  
 
The CWD of E. obliqua origin contributing to the large volumes in 1898 plot in the 
present study is likely to have resulted from trees killed by an intense stand-replacing 
(or almost so) fire either immediately falling due to the fire or afterwards as a result 
of wind or disease. The regenerating forest has had sufficient time for suppressed 
trees to die and fall to the ground, resulting in the bi-modal diameter class 
distribution of CWD (Figure 3.9b). This plot had the lowest percentage of pieces of 
CWD of diameter ≤30cm (Table 3.A9c). An intense crown fire is likely to have 
consumed the crown branches or damage them so that they would decay very 
quickly, resulting in a reduced number of small pieces of CWD. In addition, the plot 
was not old enough to produce any quantity of smaller diameter stags of rainforest 
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origin as in the Old growth plot. Although it was determined after the study was 
completed that this plot was affected in places by the 1934 fire, complete stand 
replacement did not occur due to the patchiness of that fire and this is reflected in the 
stag diameter distribution (Figure 3.12(a-d)) and the vascular plant community 
structure (Table 2.2). The stags in 1898 plot were of varying diameters (Figure 
3.12b), which is characteristic of a mature coniferous forest (Neitro et al. 1985). 
 
The 1934 plot had high volumes of CWD (Figure 3.8c and Table 3.1), reflecting that 
sufficient time has elapsed for most of the previous stand killed by the wildfire to fall 
to the ground. The tendency for the CWD to be of a slightly lower decay class (Table 
3.A8d) compared with the 1898 plot (Table 3.A8c) is consistent with the shorter time 
interval that the CWD has been on the ground. Bryophyte cover of CWD was the 
least in the 1934 plot (Figure 3.7, Figure 3.10c, Table 3.A10), which could also be a 
reflection of the shorter time interval that the CWD has been on the ground. 
Alternatively, conditions in the steeper 1934 plot may not have been conducive to 
bryophyte growth. The high number of small diameter eucalypt stags in the 1934 
plots reflects suppression mortality in the regenerating stand. The diameter (DBH) of 
the living tree of a stand depends on individual site characteristics (Ashton 1976b). 
The 1934 site is steep (which implies a higher rate of water runoff) and of lower soil 
pH than the other three plots (see Table 2.1), which could also result in trees of small 
diameter (Ashton 1976b, Anderson and Ladiges 1978). These trees upon death would 
result in small diameter stags and eventually small diameter CWD. An interesting 
comparison between 1898 and 1934 is that a higher proportion of the suppression 
mortality of the regenerating stand was still standing in the 1934 plot (after 72 years), 
whereas it had largely fallen over in the 1898 plot (after 108 years).  
 
The twice-burnt plot (1898/1934) had the smallest volume of CWD. This is 
consistent with the expected combustion of significant amounts of CWD generated 
by the 1898 wildfire and the subsequent 1934 wildfire. Alternatively, perhaps the 
large diameter trees that were killed by the fire did not fall immediately following the 
fire but remained as stags which survived the second fire as reflected in Figure 3.12d. 
This would result in reduced volumes, unlike the 1898 plot where the large trees did 
fall and accounted for the highest volumes of CWD in any of the three plots. Any 
small diameter stags due to suppression mortality in the stand regeneration following 
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the first fire are likely to have become small diameter CWD that would be either 
consumed by the second fire or become CWD in a higher decay class if they escaped 
the fire. The small diameter stags (Figure 3.12d) in this plot result from suppression 
mortality in the regenerating stand following the second fire. This is a similar 
situation to the 1934 plot (Table 3.2) where the small diameter eucalypts have arisen 
because of stand suppression and mortality following a single wildfire event.  
 
There was a lack of uniformity even within this small spatial study due to varying 
topographic and site attributes in a natural forest landscape. The irregularity and 
varying intensity of a wildfire burn further contributed to heterogeneity within the 
plot. Subplots (10x10m) situated over a depression in the steeper and drier 1934 and 
1898/1934 plots often had pieces of CWD in a more advanced stage of decay with 
more bryophyte cover and a vascular plant community more representative of Old 
growth than the plot of which it was a part. This is where the fire may have burned 
back or leapt over the depression leaving the small area unburned. In spite of this 
lack of homogeneity, the stand dynamics of a small area could be linked to decay 
class, volume and number of pieces of the stags and CWD. 
 
Summary 
This study on CWD and stags was limited by time, which meant that the study was a 
compromise in some areas, e.g. stag height was not measured accurately and it was 
difficult to determine species of wood in the later decay stages. However, it was 
found that: 
 the total volume in each plot is comparable with some of the highest figures 
obtained from overseas studies (Woldendorp et al. 2002).  
 a few pieces of CWD of very large diameter in the middle decay classes 
provide the majority of the total volume of CWD.  
 the attributes decay class and diameter may be affected by individual site 
characteristics as well as age since wildfire.  
 a plot size of 50x50m is large enough to obtain a cross section of CWD in 
decay classes and size representative of a native forest at different stages of 
regeneration since wildfire. However, it is not large enough to make 
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meaningful comparisons of volumes of CWD with different fire histories in 
Tasmania’s tall wet eucalypt forests.  
 even though E. obliqua is the dominant eucalypt species most prevalent in the 
wet sclerophyll forests of southern Tasmania and is of great economic 
importance to the forest industry, the other tree species should not be ignored, 
as they are an integral part of the CWD component of the forest ecosystem in 
the wet eucalypt forests. The fact that they are a different species means that 
they have different modes of decomposition and offer different decay stages 
and different sized wood, attributes which have proved to be of importance in 
many studies on CWD and biodiversity. 
 different decay classifications of CWD and stags should be devised for 
different species of wood.  
 methodology for measuring Eucalyptus CWD volumes and estimating decay 
class needs to be standardised to allow comparisons among studies.  
 
Conclusions 
 The study determined trends in CWD across a wildfire chronosequence that 
can be tested in broader region-based studies or monitoring programs.  
 Valuable baseline data on CWD in Tasmanian wet eucalypt forests have been 
established, although more information could have been obtained from this 
study if it had been possible to age the CWD and determine the wood species 
in the later decay classes.  
 These results can be compared to past and future studies in this eucalypt 
forest ecosystem and other eucalypt ecosystems in Australia and other forest 
types in different parts of the world.  
 The baseline data can be used to compare the effects of natural and 
anthropogenic disturbances on native wet eucalypt forests, which will assist 
in sustainable forest management and help assess carbon sequestration in 
Tasmania’s wet eucalypt forests.  
 
The CWD maps and analyses of the parameters provide the framework for the 
following chapter, which examines the macrofungal assemblages and correlates the 
 Chapter 3 – CWD and stags 
 62 
macrofungal diversity with the attributes of the CWD associated with dead wood at a 
level that has not been done in Australia until this study.
